The moles of CO2absorbed into an amine-nonaqueoussolvent mixture were measuredby using the stirred-cell method. The test solutions were the mixtures of amine such as butylamine, terf-butylamine, dibutylamine, diethylamine and dipropylamine, and solvents such as octane, triethylamine and methanol. The equilibria of the reactions between CO2and amine in nonaqueous solvent were studied by examining the pressure dependency of the absorption of CO2at lower temperatures, and could be described by the following reactions:
Introduction
Chemical absorption of carbon dioxide into amine is applicable to a process for removing carbon dioxide from effluent gases. Somestudies of the mechanismof the reactions between CO2and amine have appeared. However, most studies have focused only on the reactions of amine in aqueous solution.13)
In practice, amine-nonaqueous solvent mixtures, for example, ethanolamine-methanol mixture, have been used to remove CO2 effectively in some industrial processes.
2) The absorption of CO2 into amine-nonaqueoussolvent mixture are of practical interest because of the high solubility of CO2 or the high absorption capacity. Danckwerts suggested a mechanism derived from the concept that the proton is removed from the zwitter-ion by amine after formation of the zwitterion.4) By use of this concept, Sada et al. made clear the kinetics of the reactions between CO2and amine in aqueous or nonaqueous solvents.7)
The purposes of this study are to examine the relation between the chemical reactions and the absorption capacity of CO2for amine-nonaqueous solReceived November 8, 1986 .
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1. Theoretical Background The concentration of CO2dissolved physically into the amine solution, Cg\ can be described by
where H' and H mean Henry's constants for the Ac=X+ Y+Z
As seen from Eqs.
(1) to (3), the concentrations of
R2NCO2~and R2NH2+ are given by
[R2NCO2H] = CX
effect of pressure is included in Cg' . The equilibrium constants Ku K2 and K3 for Eqs.
From Eqs. (14) to (16) Pt denotes the pressure of CO2for z-th experimental datum, n meansthe total numberof data.
The proper values of Kx, K2 and K3 were estimated by the method of least squares, so that E became minimum. The details of the numerical method are described in Appendix.
Approximation of absorption reactions by two parameters
There are two extreme cases in which the chemical reaction can be expressed by two equations.
Type I The absorption reactions can be described by Eqs. (1) and (2) if the amount ofcarbamic ion is negligible.
Then, K3=0 and Z=0 hold.
Type II The absorption reactions can be described by Eqs. (1) and (3) increased with K2at lower pressures, but decreased with K2 at higher pressures. The effects of Ku K2 and K3 on absorption behavior were quite different. Figure 3 shows the sensitivity analysis of Kt (i= 1 to 3) with the accuracy of experimental data. The figure showsthe relations betweenthe relative change of Ki9 that is AKJKt, and the pressure for DBA-methanol solution. The proper values of Ku K2 and K3 for the solution were 3.43 x 10~2m3/mol, 4.03 x 10"5m3/mol and 2.36, as shown in Fig 8(b) or Table 3 . AK/s are the numerical changes of K/s from the proper values when one of the Ac values in Fig. 8(b) increased by +2%and the others were the same as the observed ones. The sign indicated by A, B, C or D in Fig. 3 corresponds to the pressure at which the Ac value changed by 2%. AK2/K2 was largest in the lower pressure region, while AK3/K3 was largest in the very important to measure accurately the experimental data of Ac in the lower pressure region. 3.2 Absorption of CO2in several systems Ku K2 and K3 for several systems are shown in Tables 1 to 3 . The following tendencies are observed from the results:
(1) Table 1 shows that the chemical absorption of CO2 into primary amine (BA, TBA) in nonpolar solvent yields amine carbamate (Y) as well as carbamic acid (X).
(2) (3) Ac for secondary amine is usually larger than that for primary amine. AHexp and AHcaX was 6.7%. Figure 6 shows the relation between ln^3 and l/T for DBA-methanol solution. The enthalpy of the reaction estimated from the slope, AHQXV,was -68.8 kJ/mol. This enthalpy corresponds to the heat These results suggest that the O-N bond in amine carbamate (AHexp= -52.2kJ/mol) is close to.the ionic dissociation (AHcal= -71.8 kJ/mol) rather than the covalent bond Odi/cal= 380kJ/mol). Figure 8 (a) shows that the minimumvalue of E obtained from the Type I model is of the same order of magnitude as that obtained from the (3-p) model. Figure 8(b) shows that the minimum value of E obtained from the Type II model is of the same order of magnitude as that obtained from the (3-p) model. These facts suggest that the equilibria in nonpolar solvent and in polar solvent can be described by the Type I model and Type II model, respectively.
Conclusions
(1) The moles of CO2 absorbed chemically into amine-nonaqueoussolvent mixture can be described by three equilibrium constants, Ku K2 and K3. ( 2) The equilibria of the absorption reactions of CO2with amine in nonaqueous (nonpolar or polar) solvent were described by two approximate models, depending on the polarity of solvent: the reactions of CO2with amine in nonpolar solvent produced amine carbamate, while those in polar solvent produced carbamic ion and ammoniumion.
(3) The absorption reactions were supported by the heat of reaction estimated from the temperature dependency of Kl9 K2 and K3.
